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What is radiotherapy

From Wikipedia:

Radiation therapy or radiotherapy, often abbreviated RT, RTx, or XRT, is a therapy using ionizing

radiation, generally provided as part o Cancer reatment 1o conuor or kmmangnant ceny and normally

delivered by a linear accelerator. Radiation therapy may be curative in a number of types of cancer if they

are localized to one area of the bodltmay also be ysed as part of adinvant theraovlto prevent tumor

recurrence after surgery to remove a primary malignant tumor (for example, early stages of breast
cancer). Radiation therapy is synergistic with chemotherapy, and has been used before, during, and after

chemotherapy in susceptible cancers. The subspecialty of oncology concerned with radiotherapy is called
radiation oncology. A physician who practices in this subspecialty is a radiation oncologist.
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Global burden of cancer

* |n 2018, there were an estimated 18 million
new cases of cancer and 10 million deaths
@ from cancer worldwide

* The predicted global burden will double to
about 29—-37 million new cancer cases by 2040

e Of the 15 million deaths between the ages of
30 and 69 (“premature deaths”) in 2018, 4.5
29.4 million were due to cancer

Estimated global burden of cancer in 2018
and that in 2040, from WHO cancer report 2020.
(WHO in Italian is usually referred as OMS)
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Some stats about cancer
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from WHO cancer report 2020 n

Different techniques to treat cancer:
-surgery, chemotherapy, radiotherapy and
immunotherapy

Surgery is the most widespread treatment
approach for cure of solid tumours

About 2/3 patients diagnosed with cancer
receive curative or palliative radiation
treatments



Fundamental variables: Fluence

Fluence:
e Defined as the number of particles in a beam

* In beam line design, particles travel almost in the same direction (few mrad of aperture),
it is sufficient to use a plane element of area and define the fluence as

O=dN/dA;

 Where dAis an infinitesimal element of area perpendicular to the beam and dN is the number of
particles passing through

e Units: Number of particles/cm?

* The fluence rate is: i — 42 ; Number of particles /cm* s
- dt
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Fundamental variables: (absorbed) dose

Absorbed dose: dE/dm
where dE is the energy deposited in dm matter by ionizing radiation

 The deposited energy is the incident energy minus the energy leaving the mass minus the

energy released in nuclear transformations (to keep the dose from becoming negative when the
mass contains a radioactive source).

 The medium should always be specified
* Unit of measurement:

Gray (Gy), defined as 1 joule of energy absorbed per Kg of matter
1 Gy=1 J/Kg
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Fundamental variables: (absorbed) dose

 The absorbed dose is equal to the radiation exposure (ions or C/kg) of the radiation beam multiplied by
the ionization energy of the medium to be ionized.

« E.g.: 1roentgen would deposit 8.76*102 Gy in air

* The equation relating dose to fluence and stopping power:

area A
energy (dE/dx) x Ax x N S
D = = ’ __ = ¢ — N protons
Mass pxAxAv P
« Dose=Fluence*mass stopping power A

 Typical dose values for radiotherapy treatments: 20-70 Gy depending on the type, size of tumour
(e.g. Solid tumour~60-70 Gy, lymphoma~20-40 Gy)

—



Questions:
Is the absorbed dose sufficient to
characterize the incident radiation for
radiotherapy purposes?




Tips:
Remember prof. Veronese’s last couple of
lessons




Fundamental variables: equivalent dose

* In order to evaluate the probability of of cancer induction and other long time scale effects, the type of
radiation and the sensitivity of the irradiated tissues plays an important role

 The absorbed dose is a physical measurable quantity that do not take into account the biological effects
(remember slide 8)

 The Equivalent dose H+ is derived from the absorbed dose as: Hp = ZWR*DT,R
R

-Drr absorbed dose in Gy in tissue T by radiation type R
-Wr weighting factor that depends on beam type/energy

* It represents the possibility of radiation induced cancer or damage taking into account both physical
guantities (Dose) and relative biological effectiveness of the radiation (W)

* Unit of measuremet in Sl: Sievert (Sv), since Wk is a weight factor, Sv=J/Kg,
or in CGS: roentgen equivalent man (rem), 1 rem=0.01 Sv

« Commonly used in dosimetry and radiation protection field

ﬂ



Fundamental variables: equivalent dose

Table 1. A companson of existing wg values and those proposed to the ICRP

Type and energy range of incident radiation Radistion weighting factor (wg)
Publication 6 Proposed"”
Photons, all energies 1 1
Electrons and muons (all energies)® l I
Protons {incident) 5 2
Neutrons, energy < 10 ke 3
10 ke -1 ket 1 Lse the proposed we

function in Fig. 1 below

= M) keV-2 MeV ||
=2 MeV-20 MeY 1
= 20 MeV 5
Alpha particles, fission fragments, and heavy wons® 20 204 25 T ' ' ' '
=]
T 20 peree -
L 2
ICRP Publication 92 g 18
o
Relative Biological Effectiveness (RBE), Quality Factor (Q), and Radiation 5 10
Weighting Factor (WR) s 5
e
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0.001 0.1 0.1 1 10 100 1000
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Fig. 1. The radiation weighting factor wg for neutrons introduced in Publicasion 60 (1CRE, 1991) as a

discontinuous function of the neutron energy (- - -) and the proposed modification (—).




Fundamental variables: effective dose

In order to take into account also the radiobiological effectiveness of the human tissue:

The Effective dose E |S derived as: Weighting factors for different tissues/~*]

Tissue weighting factors

Calculating from the equivalent dose: Organs ICRP26 | ICRP60 | ICRP103
. = 1977 | 19907 | 2007™4
E=Y Wr-Hr=) WrY Wg-Drg
T T R Gonads 0.25 0.20 0.08
Calculating from the absorbed dose: Red Bone Marrow |0.12 012 |0.12
Colon - 0.12 0.12
-DR T, U, }lﬂ{z i, z]dv
FE= Z W Z Wg - Lung 0.12 0.12 0.12
f_{ m yﬂ
Stomach - 0.12 0.12
Where Breasts 015 (005 |012
E is the effective dose to the entire organism Bladder _ 005 | 004
Hr is the equivalent dose absorbed by tissue T Liver _ 0.05 0.04
Wy |.s the uas_uel wmghlung. factor deflne.d by regula.m:-n. Bt re ~ CiE -
Wy is the radiation weighting factor defined by regulation :
_ ] T o Thyroid 0.03 0.05 0.04
D1 g is the mass-averaged absorbed dose in tissue T by radiation type R "
Skin = 0.01 0.01
Dg(z,y, ) is the absorbed dose from radiation type R as a function of location
Bone surface 0.03 0.01 0.01

p(x, y, ) is the density as a function of location

Salivary glands - 0.01

¥ is volume

Wi

T is the tissue or organ of interest Brain - = 0.01

Remainder of body | 0.30 0.05 0.12

Total . 1.00 1.00




Fundamental variables: dose summary

lonising radiation - Protection Dose quantities in Sl units

dy
of P70 od
s
unt

Quantity | | Absorbed dose Equivalent dose
D; H;
Oﬁ,}s 3
o 9me,
r&fbadyﬂ',rgo’%z’fs
Sues&b 3(‘.9-0:.
. “0L e
Slunit or (Gy) 4 " : rt (Sv) .
g ra Radiationweighting sleve Y Tissue weighting
mod:ﬁer e v Factor - Wy factor- Wi
Derivation joule/kg Dimensionless factor joule/kg Dimensionless factor
. Energy absorbed by Biological effect of
ME’GH:’.”?Q‘ irradiated sample of radiation type R with

matter - a physical
quantity.

weighting factor We.

Multiple radiation types
require calculation for each,
which are then summated.

Effective dose

Whole body dose to all

tissue
e
Organ dose to tissue T, |

Organ dose to tissue T, |

;
i
i
i
:
Organ dose to tissue T, | . =E
i
i
i
i
:
i

joule/ke

Biological effect ontissue type T having

weighting factor Wq

Partial irradiation

Effective dose =summation of organ doses
to those parts irradiated

Complete (uniform) irradiation

If whole body irradiated uniformly, the
weightings W, summate to 1. Therefore,
Effective dose = Whole body Equivalent
dose




Background radiation

Deso that may cause
symptoms of radiation sickness
{1,000 mSv}

Average annual exposure
to astronauts working on
the Intemational Space
Station (150 m&v)

Five-year dose limit
for nuCkear energy
workers (100 mSv)

Annual dose limit for nuclear
energy workers (50 mSv)

Typical chest
CT scan (7 mSv)

Average annual dose from natural
background radiation in Canada (1.8 mSv)

Typical annual dose received
by @ wedKer in A urAnum mane
of nechear power plant

n Canada (1 mSv)

Annual public dose Bmit (1 mSv)

Typical ches!t
x-ray (0.1 m3v)

Typical
cross-Canada
Might (0.02 mSwv)

Dental x-ray (intraoral)
(0.005 mSv)

Typical dose from living o year withan
a few km of an operating nuclear power
plant in Canada (0.001 mSv)

Sources of Radiation Exposure
Industrial < &.1%

Consumer 2%

Terrestrial 3%

e Internal 5%

Oecupational < 0.1%

Space 5%

Computed Tamography 24%

Medical  Background

MHuclear Medicine 12% Radon & Thoron 37%

Interventional Fluoroscopy 79

Conventional Radiography/Fluoroscopy 5% —

Saurces

Units
miem {Uinited Statas)
mSy Oeiternational

Average Annual Radiation Dose

Radon &
Tharan

228 mrem
228mby

147 ren
1.47 mSv

TT rwarm
03T miy

AFFen
043 mibw

33 mren
032 mSv

33 meem
[EEL LY

29 mreen
0.29 mSv

21 e
021 méy

03 rrem
0005 miSy

13 mrem
Q13msy

0.3 mrem
003 mSw

{Source: Mational Council on Radiation Frotection & Measurernents, Report No. 160]




Background radiation

Banana Equivalent Dose

Bananas are a natural
source of radioactive
isotopes.

Eating one banana = 1
BED = 0.1 pSv = 0.01
mrem

Number of bananas

Equivalent exposure

100,000,000 Fatal dose (death within 2 weeks)
20,000,000 Typical tar‘gete?o?l(;s:e:::)dn)in radiotherapy
70,000 Chest CT scan
20,000 Mammogram (single exposure)
200 - 1000 Chest X-ray
700 Living in a gtone, brick or concrete
building for one year
400 Flight from London to New York
100 Average daily background dose
50 Dental X-ray
1-100 Yearly dose from living near a nuclear power

station




Radiotherapy

to induce biological damage in cancer cells and avoid their proliferation

DNA Structure

Nucleotide
base pairs:

B Guanine

Nucleus

-

First radiotherapy treatment in ~ 1900

Discovery of DNA in 1953

The DNA encodes the genetic instructions used
in the growth, development, functioning and
reproduction of the cells

The target of radiation is the DNA ‘




Types of radiotherapy

Mainly two types of radiotherapy:
e Conventional radiotherapy with photons

e Particle therapy with hadrons (mainly protons
and *2C ions)

e There are also other less “common” form of
radiotherapy (e.g.: IORT, VHEE etc.)

Radiotherapy can be use for:

e Therapeutic treatments to cure or reduce the
metastasis

e As palliative care to reduce the pain for people
with a serious illness




Dose response

100

80

T

Assuming
RBE =1
60
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15 25 35 45 55 65 75
Dose in 22-fractions (Gy)

o Electron e Photon |

Figure 5.1 Examples of dose-response relationships in
clinical radiotherapy. Data are shown on the incidence
of severe telangiectasia following electron or photon
irradiation. RBE, relative biological effectiveness. From
Bentzen and Overgaard (1991), with permission.

Clinical radiobiology is concerned with the
relationship between a given physical absorbed
dose and the resulting biological response and
with the factors that influence this relationship

There is no dose below which the com-
plication rate is zero: there is no clear-cut
limit of tolerance

Radiation dose-response curves have a

sigmoid (i.e. ‘S’) shape that can be fitted with
different models




Radiation time scale

Irradiation of any biological system generates a
succession of processes that differ enormously in

- time-scale
L Chemical - Biological _ _ _ _ _ __
- EE Human lifespan . . . .
B qno12 408 ! * Physical phase: consists of interactions
107107210 1 10° 106 10° _
L1 AL T 11 1 11 (seconds) between charged particles and the atoms of the
1 10° 10° tissue
1 1 1 1 1 :3' | l:hDLIl"E}
Free-radical 1 10 .
reactions —————— (days) * Chemical phase: the damaged atoms and
Enzyme reactions  EATY STEE molecules react with other cellular components
Excitation Repair processes : : . .
— bairp Carcinogenesis in rapid chemical reactions
onization

Cell proliferation

* Biological phase: all the subsequent processes.
e.g.. DNA repaired, early/late effects ect.

ﬂ



Radiation response of normal and tumour tissues

* The response of a tumour is seen by regression, often followed by regrowth

* Local control of a tumor: the total disappearance of the primary tumor and neighboring lymph node
metastases without any local recurrence on long-term follow-up

* The responses of normal tissues to therapeutic radiation exposure range from those that cause mild
discomfort to others that are life-threatening

 The speed at which a response develops varies widely from one tissue to another and often depends
on the dose of radiation that the tissue receives.
(e.g.: radiation damage on epithelial tissues in weeks, connective tissues in months/years)

ﬂ



Toxicity

 Two types of toxicity due to radiotherapy: acute and long term toxicity
-Systemic symptoms: Fatigue, local skin reaction, oropharyngeal mucositis
-Long-term sequelae: may occur many months or years after irradiation

 The long-term (years) effects are the most difficult to evaluate.
It is not possible to retrieve the specific cause of a cancer or disease

* The risk of radiation-induced second cancers is much greater in young and very young cancer
patients. Increased cancer rates may persist life-long.

* Most radiation-induced second cancers occur in organs and tissues in the high-dose volume but
some may also appear in the low dose (?2Gy) volume

* Radiation therapy is known to be mutagenic, carcinogenic, teratogenic, with increased risk of
developing both secondary leukemia and solid tumour

* There are different biological mechanisms leading to second cancers after radiotherapy, depending
on dose distribution and age of the irradiated patient. The dose-risk relationship is unlikely to follow
a simple mathematical function

ﬂ



Goal of radiotherapy

* Radiotherapy as a trade-off

between tumor control and
Complication normal tissue complication
probability

100

4 Tumor control
80 -

* The goal of radiotherapy is to
maximize the tumor control
curve, minimizing the normal
tissue complication effects

Probability [%]
3

N
o
P -

Tumor control
without complication

e Using different techniques,
particles etc., the therapeutic
window of a radiation therapy can
be extended

20 1

Dose




Stages of radiotherapy treatment

Treatmient
warification +
monitarng

Assessment

From WHO radiotherapy risk profile

ﬂ



Questions?
Or comments?

24



Scientificast

Per capire il motivo di questa

“barza brutta” bisogna
ascoltare il podcast
scientificast

?UBBLJC”A-

PROGRESSO

)

Dateci un secondo, bambini

Nell'episodio 510 mischiamo misure deltempo e climate change, consigli di lettura, e studi sullfeffetto della poverta sullo sviluppo del
cervello. La puntata si apre con Silvia Kuna che ci parla di un recente articolo pubblicatojsu'Nature dove si parla della...

Ascolta I'ultimo episodio del podcast Sostienici
*2 Donazione
B o ¢ v: 0 < = 0 d
iTunes
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